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Visual perception in twins - A pilot study 
Abstract 
INTRODUCTION Tests of visual perception are commonly used for diagnosis and guiding effective 
treatment. However, few studies have attempted to ascertain the contributions of genetics or 
environment to visual-perceptual ability. Results of these studies have been equivocal. Based on casual 
observation, a hypothesis was developed that monozygotic (MZ) twins would have more similar visual-
perceptual skills than dizygotic (DZ) twins. The purpose of this study is to compare visual-perceptual test 
results of monozygotic versus dizygotic twins to see if a genetic link could be demonstrated. Versions of 
Gardner's Test of Visual-Perceptual Skills were chosen due to its ease of administration, common 
utilization, and because it, "is a non-language test and is not biased according to race, culture, gender or 
education."' 
METHODS The Test of Visual-Perceptual Skills (non-motor) Revised (TVPS-R) or Test of Visual- 
Perceptual Skills (non-motor) Upper Level-Revised (TVPS-(UL)-R) was administered to seven sets of MZ 
twins, 12 sets of DZ twins, and 32 family members of these twins. (The 17 years, 11 months-norms were 
used for all adults2) Identification of twins as MZ or DZ was based on information from reports the twins 
themselves or their parents. All subjects wore their habitual correction while taking the test. 
RESULTS Overall Sum of Standard Scores, and scores for each subtest were analyzed using both Fixed 
Effects Regression Analysis and Difference of Means Test with Student T-Test. In addition to comparisons 
between MZ and DZ twins, results from dizygotic-different gender twins (DZDG) and dizygotic-same 
gender twins (DZSG) were also analyzed. For all twin pairs, scores of one twin closely matched the other 
(p<0.05) for Visual Memory, Visual Form Constancy, Visual Sequential Memory, Visual Closure subtests 
and Sum of Standard Scores. Same-Gender twins' scores were even more similar than non-twin scores 
(p<0.01 or less) for all subtests except Visual Discrimination and Visual Sequential Memory. Spatial 
Relationships scores and Sum of Sandard Scores were more similar for MZ than DZ twins (p<0.01 and 
pC0.05). With same-gender twins, other than Spatial Relationships, no difference existed between MZ and 
DZ (p<0.05). Spatial Relationships, Form Constancy, and Sum of Standard Scores (all p<0.001) were more 
similar with MZ twins than DZDG twins. Same-gender DZ twins were also more similar than different-
gender DZ twins for the above three areas (pc0.02; 0.01 and 0.001 respectively). 
DISCUSSION The hypothesis that MZ twins would score with more similarity on a visual-perceptual test 
than DZ twins was partially supported by these results; notably for Spatial Relationships and Sum of the 
Standard Scores. Of interest is that the overall Sum of Standard Scores differentiation was no longer seen 
when different gender twins were removed from the sample. In other words, the Sum of Standard Scores 
was more dissimilar for different gender twins. Although the sample size is too small for generalization, 
this discovery implies that gender may be a dominant factor in the visual-perceptual differences that were 
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Visual Perception in Twins 
ABSTRACT 
INTRODUCTION 
Tests of visual perception are commonly used for diagnosis and guiding effective treatment. 
However, few studies have attempted to ascertain the contributions of genetics or environment to 
visual-perceptual ability. Results of these studies have been equivocal. Based on casual 
observation, a hypothesis was developed that monozygotic (MZ) twins would have more similar 
visual-perceptual skills than dizygotic (DZ) twins. The purpose of this study is to compare 
visual-perceptual test results of monozygotic versus dizygotic twins to see if a genetic link could 
be demonstrated. Versions of Gardner's Test of Visual-Perceptual Skills were chosen due to its 
ease of administration, common utilization, and because it, "is a non-language test and is not 
biased according to race, culture, gender or education."' 
METHODS 
The Test of Visual-Perceptual Skills (non-motor) Revised (TVPS-R) or Test of Visual- 
Perceptual Skills (non-motor) Upper Level-Revised (TVPS-(UL)-R) was administered to seven 
sets of MZ twins, 12 sets of DZ twins, and 32 family members of these twins. (The 17 years, 11 
months-norms were used for all adults2) Identification of twins as MZ or DZ was based on 
information from reports the twins themselves or their parents. All subjects wore their habitual 
correction while taking the test. 
RESULTS 
Overall Sum of Standard Scores, and scores for each subtest were analyzed using both Fixed 
Effects Regression Analysis and Difference of Means Test with Student T-Test. In addition to 
comparisons between MZ and DZ twins, results from dizygotic-different gender twins (DZDG) 
and dizygotic-same gender twins (DZSG) were also analyzed. 
Visual Perception in Twins 
For all twin pairs, scores of one twin closely matched the other (p<0.05) for Visual Memory, 
Visual Form Constancy, Visual Sequential Memory, Visual Closure subtests and Sum of 
Standard Scores. Same-Gender twins' scores were even more similar than non-twin scores 
(p<0.01 or less) for all subtests except Visual Discrimination and Visual Sequential Memory. 
Spatial Relationships scores and Sum of Sandard Scores were more similar for MZ than DZ 
twins (p<0.01 and pC0.05). With same-gender twins, other than Spatial Relationships, no 
difference existed between MZ and DZ (p<0.05). Spatial Relationships, Form Constancy, and 
Sum of Standard Scores (all p<0.001) were more similar with MZ twins than DZDG twins. 
Same-gender DZ twins were also more similar than different-gender DZ twins for the above 
three areas (pc0.02; 0.01 and 0.001 respectively). 
DISCUSSION 
The hypothesis that MZ twins would score with more similarity on a visual-perceptual test than 
DZ twins was partially supported by these results; notably for Spatial Relationships and Sum of 
the Standard Scores. Of interest is that the overall Sum of Standard Scores differentiation was 
no longer seen when different gender twins were removed from the sample. In other words, the 
Sum of Standard Scores was more dissimilar for different gender twins. 
Although the sample size is too small for generalization, this discovery implies that gender may 
be a dominant factor in the visual-perceptual differences that were found. Since the TVPS is 
thought to be gender-blind, this should be addressed in future investigations. 
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INTRODUCTION 
Twins have been widely used in research in an attempt to determine the effect of genetics andlor 
environment on the individ~al.~' 4' This is based on the hypothesis that dizygotic (DZ) twins 
share, on average, 50% of their genes while monozygotic (MZ) twins have identical genetic 
makeup. Thus, if MZ twin tested values are in concordance close to 100% of the time, while DZ 
twins scores are only 50% concordant, it is assumed that genetics plays a very large role in 
whatever trait is being tested. If MZ and DZ twin pairs have similar concordance, then little to 
no genetic role is suggested. The heredity, or the role of genetics versus environment is often 
calculated by doubling the difference between the two scores." 
Tests of visual perception are commonly used for diagnosis and guiding effective treatment, 
particularly in patients with other developmental delays or whose academic progress is notably 
below their potential. Probably due to the presumed developmental nature of these perceptual 
skills, few studies have attempted to ascertain the contributions of genetics or environment to 
visual-perceptual ability. Results of these studies have been equivocal. Based on casual 
observation, a hypothesis was developed that monozygotic (MZ) twins would have more similar 
visual-perceptual skills than dizygotic @Z) twins. 
The purpose of this study is to compare visual-perceptual test results of MZ versus DZ twins as 
well as their family members to see if a genetic link could be demonstrated. Gardner's Tests of 
Visual-Perceptual Skills were chosen to measure the visual perceptual abilities of the participants 
in the study. 
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THE TEST OF VISUAL PERCEPTUAL SKILLS 
The Test of Visual-Perceptual Skills (non-motor) Revised (TVPS-R) [norrned for children aged four 
years to 12 years 11 months] or Test of Visual-Perceptual Skills (non-motor) Upper Level-Revised 
(TVPS-w)-R) [normed for youth aged 12 years to 17 years 11 months] consists of seven subtests 
each designed to measure a different portion of visual perceptual ability. The subtests are Visual 
Discrimination, Visual Memory, Visual-Spatial Relationships, Visual Form Constancy, Visual 
Sequential Memory, Visual Figure Ground, and Visual closure. l 9  
Visual Discrimination is the ability to identify subtle differences in objects and shapes such as size, 
color, pattern or position. It is important in discriminating different letters that appear similar. 
Deficiencies in this area may lead to trouble learning the alphabet, recognizing letters and words, 
confusion with likenesses or minor differences, or difficulty understanding any of the concepts of 
size, magnitude or position.8 
Visual Memory is the ability to recall visual details of briefly presented items increasing in sequence 
and complexity. It is important in reading and learning words. A lower skill ability could lead to 
poor spelling skills, excessive self whispering while reading, difficulty seeing with the "mind's eye" 
what is read, trouble remembering what has been seen before, and difficulty with math  concept^.^ 
The Visual-Spatial Relationships subtest tests the ability to align one's body in space and to perceive 
the positions of objects in relation to ones self and to other objects. It is the ability to recognize the 
same object presented in different orientations. An individual who does not excel in this area can be 
expected to confuse left and right and reverse letters, numbers, or words. They may also exhibit 
poor coordination and balance, clumsiness, and poor athletic performance.8 
Visual Perception in Twins 
Visual Form Constancy is the ability to recognize the same pattern despite changes in size and 
orientation. It is used to identify differences between small case and capital letters and different 
fonts or styles of writing. A lower ability in this area is postulated to lead to a child having 
difficulty with cursive handwriting.' 
Visual Sequential Memory tests the ability to recognize and recall information in a sequence 
which is presented visually. A deficiency in this area could be linked to poor spelling skills 
difficulty with math and trouble remembering what has been seen before.' 
Visual Figure-Ground is the ability to find, identify, objects hidden in the surrounding 
background. It is useful in identifying the key or important letters of a word or words of a 
sentence. A lower ability in this area might lead to an inability to know what is important, 
difficulty with details or completing work, and working slowly compared to peers.' 
The Visual Closure subtest measures the ability to identify a figure when a part or parts are 
missing. This is filling in the missing pieces. Incomplete work, poor understanding and ignored 
details are potential difficulties that may occur when a person has not fine tuned this skill.8 
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GENDER DIFFERENCES 
Jardine found that males scored higher than females on a spatial orientation task but noted that 
environmental influence accounted for twice the variance in the males' scores than the  female^.'^ 
Jarvik noted a difference in processing verbal and spatial information between the sexes. She also 
stated that other pronounced differences exist, but the standardized tests have intentionally 
eliminated most if not all of the questions that show these differences.'' Pennington hypothesized 
that males performed better than females on certain reading tests: while DeFries concluded that 
there was a difference between males and females in spatial ability.4 Wadsworth, on the other hand 
felt there was little to no evidence for greater genetic influence on reading difficulties for girls than 
boys." Specifically regarding the TVPS, Martin stated that there was a difference between girls and 
boys, but it was small enough that it was not felt to warrant a separate scoring table.I2 
BACKGROUND INFORMATION 
TWINS IN GENERAL 
According to Fraga et al, MZ twins' geneslgenetic make up are indistinguishable early on. As 
the twins age increases, the expression of the genes changes-shown by the amount and location 
of methylation on the genes--which they believe causes increased variance in behavior and 
character traits. They also note that the genetic methylation [i.e. expression] is related to 
different life styles and how much time the twins livelspend together. While this may be thought 
to show the role genetics plays, it may also show that a similar environment apparently 
influences genetic expression as we11e5 Richardson also wonders if the "equal environment" may 
cause or influence some of the so-called "genetic" effects.I3 Whether the genes are independent 
of the environment or not, there have been many studies of twins showing various ranges of 
similarities and differences. 
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MZ twins have been shown to be much more concordant than DZ twins in some areas. For 
example, both male and female MZ twins have been shown to have markedly more similar 
lipoprotein levels, number of cigarettes smoked per day: fingerprint ridgecount, height, 
conservatism, and EEG scores14 and deafnessI5 than DZ twins. 
Sheiman and Rouse quote Matheny, Dolan and Wilson showing that MZ twins are more 
concordant than DZ twins in all the behaviors tested such as activity level, distractibility and 
feedinglsleeping problems. The MZ twins were 76% concordant, the DZ twins were 20% and 
the opposite gender twins were not concordant at all. The 76% concordance for MZ with only 
20% for DZ shows a significant genetic influence on these traits.16 
Alcohol use in women, HDL and LDL cholesterol levels, respiration rate, sports participation, 
problem behaviorldisinhibition, and thril~experience/adventure seeking and intelligence at age 
ten all show a large genetic factor-stimated at 60% or higher, but the genetic influence is not 
as strong as the traits mentioned in the previous paragraph.3 
One area in which there is great controversy is the subject of h a d e y e  dominance and 
preference. Segalowitz found that handedness is more highly correlated in MZ twins but noted 
23% MZ twins being discordant for hand preference.17 This correlation is corroborated by 
Sicotte et al. who also noted that handedness runs in families, twins were more likely to be left 
handed than singletons, and MZ were more concordant than DZ. In addition, they noted, as 
mentioned above, the fact that there are a substantial number of MZ twins who are discordant for 
handedness. They conclude that handedness is a complicated multifactoral genetic mechani~m.'~ 
Ross et al. found some positive correlation but concluded that no zygosity differences existed19 
which was similar to the conclusion reached by Reiss et al?' 
Visual Perception in Twins 
Other factors such as religion, intelligence at age five, birth weight, whether or not a person 
smokes3 and social potency-the ability to affect people14-show very little correlation and are 
thus not considered to have significant genetic influence. 
The varying amounts of correlation between MZ twin scores-ranging from 40 to more than 
80%--shows that there may be varying degrees of genetic penetrance of the traits andlor possible 
environmental influences as well. Lykken explains this with a playing card analogy: "Everyone 
is given an extremely large hand of cards; MZ twins have the exact same hand; the environment 
shapes how the cards are played."'4 
TWINS AND ACADEMICS 
In the previous section, we have seen that some physical and character traits seem to be 
influenced more by genetics than others. In the academic realm, similar patterns can be found. 
Osborne and Gregor conclude that mental abilities are independently inherited.21 Wainwright 
found that MZ correlation for intelligence and IQ were about double that of DZ twins, at least 
up to age 17 and that the correlation increased with age.22 This matches the findings quoted by 
Boomsma, where intelligence at ages 18 and 27 was highly correlated; but may seem to 
contradict Fraga's methylated-gene hypothesis? 
Lykken showed that MZ correlated more highly than DZ on Wechsler IQ test, but not twice as 
much which left open the possibility of an environmental, additive or other influence in this area. 
He also noted that MZ were more highly correlated than DZ on both the timed and un-timed 
Raven Progressive Matrices and Mill-Hill Vocabulary tests." Pennington 1983 also found MZ 
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twins to be more closely correlated than DZ on reading measures and reading a~hievement.~ 
This was corroborated by Harlaar who also showed a strong MZ correlation for reading 
efficiency and reading ability.23 Blanchflower showed that MZ twins have a greater correlation 
than DZ for all measures tested including math and reading at various age levels, IQ, copy design 
test, design a man test and months of schooling, but none of his correlations showed an 
extremely strong genetic component.24 
DeFries, in 1976, with more specific tests, found MZ correlation to be greater than DZ for verbal 
space, word fluency, clerical speed/accuracy and language spelling/sentences? In a more recent 
study, Plomin found MZ more highly correlated than DZ for verbal and spatial ability for all 
ages and in English, Math, and Social and Natural 
Not only in academic ability do MZ twins appear to correlate, but there may also be a genetic 
influence in academic difficulties as well. In the study quoted above, Sheiman and Rouse note 
that MZ twins are more concordant for academic problems than DZ twins suggesting a strong 
genetic etiology.16 Defies also concluded that there may be a genetic link in reading 
disabilitie~?~ and Pennington found that MZ are more correlated for dyslexia than DZ twins.6 
On the other hand, DeFries found no significant correlation between MZ twins for numerical 
ability, abstract reasoning, space relations or mechanical reasoning, reading heritability or 
disability? 
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TWINS AND VISION 
In addition to all the previously-mentioned studies on twin similarities, a great deal of effort has 
been expended in studying correlations of visual features of twins. Teikari et a1 in a study of 191 
adult pairs of twins found that MZ twins were more correlated for hyperopia than DZ twins and 
concluded that the classical analysis of heritability was 0.75 for hyperopia, especially in higher 
levels of hyperopia.27 Karlsson in a study of 147 pairs of twins found that MZ (94%) are more 
concordant for myopia than DZ(29%). He also postulated that the myopia gene appears to have 
an additional effect resulting in enhanced intelligence.28 Harnmond (2001) found that MZ twins 
are twice as correlated for hyperopia and myopia giving these two traits an 89% heritability." 
Lee (2001) also found a strong correlation for refractive error in MZ twinsB3O 
Podgor found a that if one of a twin pair has strabismus, the odds of the second twin also having 
strabismus are 17 times higher. While he felt that there was a stronger association for MZ twins 
than DZ for both esotropia and exotropia, he felt that it was not strong enough to calculate the 
genetic or environmental components of the condition.31 Iacono also found a stronger 
correlation between MZ and DZ twins pursuit and saccadic abilities at 0.68 and 0.35 
respectively. The fact that the MZ value is almost twice that of the DZ indicates a strong genetic 
component to this correlation. However, since the values are lower than 1 .OO and 0.50, 
environmental influences could not be di~counted.~~ Bimler and Pararnei found that MZ are 
more concordant for color perception than DZ, and hypothesize that this is due to the shared 
photopigment genotype of the MZ twins. 33,34 
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On the opposite hand, there are several eye-related areas where MZ twins are not concordant. 
For example, Iacono found no evidence for genetic influence on oculomotor response tirne~."~ 
Lee found little to no correlation among MZ twins' astigmatism portion of refractive ~ondition.~' 
Bernstein, studying Retinitis Pigmentosa (RP), which is considered to have a strong heritability, 
found virtually no concordance for RP among MZ twins, thus leading to the conclusion that there 
must be an environmentally-related trigger to the disease."' (see sources 48-58 for additional 
twins studies unquoted in this thesis.) 
TWINS AND VISUAL PERCEPTION 
Visual Perception is ". . .the capacity to interpret or give meaning to what is seen. 9,1,2,36 Despite 
research evidence regarding twins and vision or twins and academic performance, much less 
information exists regarding twins and visual perception. 
Matheny found that identical twins perceptual exploration patterns were more similar than 
fraternal twins."' Ylitalo et al. found what they classified as significant differences in 
visuomotor, perception and other skills, all favoring the larger twin." (As a curious sidenote, 
birthweight does not appear to be a genetically related trait.l) Jardine, however, found no 
evidence for genetic relationship in spatial ~rientation.~ 
Gourovitch et al. studied various abilities including visuospatial of MZ twins discordant for 
bipolar disorder in order to determine the genetic factors of this disease. They noted that both of 
the twins were low, not just the one not diagnosed with bipolar di~order.'~ 
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According to Chua, et al., perception may be very culturally related. They measured the eye 
movements of Americans and Chinese (no twins involved) while looking at pictures of an object 
on a complex background and found that Americans fixated on the focal object more quickly and 
more often while the Chinese made more saccades to the backgro~nd.~~ A similar, culturally- 
related result was echoed by Kleinfeld who noted that Eskimo children had better visual memory 
skills than urban Caucasian children and felt this was due to the Eskimo c~lture.~'  
Although Visual Perceptual Skills are considered independent of intelligence, a few studies have 
noted a connection between certain subsets of visual perception and academic ability. Kulp et al. 
noted a relationship between visual perceptual skills and academic achievement with visual 
memory significantly related to below-average reading decoding, math, and overall academic 
a~hievement.~~ (Source 59 has additional information about perception and twins.) 
Despite these and a few similar studies that focus on particular elements of visual perception, 
there is, to our knowledge, no research to specifically study visual-perceptual skills in twins. 
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METHODS 
The methods for this study were developed as a part of a pilot study which was presented at the 
American Academy of Optometry's annual meeting in 2005." The data from the pilot study are 
included as part of this study. 
TVPS tests were chosen due to their ease of administration, common utilization, and because they 
are, "a non- language test and [are] not biased according to race, culture, gender or education. ,,1,2,, 36, 
44 They only require a book of test plates, are untimed, and are not confounded by verbal or motor 
impairment. 36,44,45 In addition, the TVPS tests can be easily given to person's who do not speak or 
read the English ~ a n g u a ~ e . ~ ~  The Test of Visual-Perceptual Skills (non-motor) Revised (TVPS-R) 
or Test of Visual-Perceptual Skills (non-motor) Upper Level-Revised (TVPS-(UL)-R) were used in 
this study. These are revised fiom the original tests with updated normative values, standardization 
data, and statistical reliability information. The TVPS-R is administered to children aged four years 
to 12 years 11 months, while the TVPS-(UL)-R is given to older youth and adults-it is officially 
normed for youth aged 12 years to 17 years 1 1  month^.^ 
Subjects included all sets of twins either related to the author or known to the author from his home 
town of Mapleton, UT, all twins known to the author living in Forest Grove, OR-home of Pacific 
University, three fellow students at Pacific's School of Optometry who were twins and their twin 
siblings, and two sets of twins known to one of the aforementioned twin optometry students. All 
family members (i.e. siblings of the twins) who were present at the time the twins were tested, were 
also invited to participate as well. Since all twins known to the author or his classmates were 
included, all persons who were willing to participate in the study were included. 
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Demographic information regarding the 68 subjects is listed in Table 1 below. Thirty-four 
subjects, 19 males and 15 females took the UL test, with another 34, 15 males and 19 females, 
taking the revised test. Subjects ranged in age from five to 71 years. 
DZDG Twins 1 FI1 M 0 FIO M 1FI1M OFlOM 1F11M OFlOM 
Non-Twins 30 5-71 y rs 7Fl9M 1Fl2M 3Fl2M 1Fl3M OFIOM 1FI1M 
Table 1. Subject Demographics 
The Test of Visual-Perceptual Skills (non-motor) Revised (TVPS-R) or Test of Visual-Perceptual Skills 
(non-motor) Upper Level-Revised (TVPS-(UL)-R) was administered to seven sets of MZ twins, 12 sets of 
DZ twins, and 32 family members of these twins. Testing took place in the subject's homes, the author's 
home, or at Pacific University. (The author tested 57 of the subjects. The other 11 subjects were tested by 
three of the author's twin classmates who were trained in TVPS test administration and to whom the test 
was administered by the author.) In each case the test was administered in a well lit room in comfortable 
conditions. Information gathered fi-om each participant included birthdate and type of twin. Testing 
protocol followed the procedures delineated in the TVPS m a n ~ a l s , ' ~ ~  with one exception-following the 
example of Su et al., all subjects were administered all items regardless of the number of consecutive 
44 errors. The 17 years, 11 months-norms were used for all adults.? Identification of twins as MZ or DZ 
was based on information from the twins themselves or their parents. All subjects wore their habitual 
correction while taking the test. Although best visual acuity seems desirable for any test, Kulp et al. found 
no statistical difference in Visual Memory test scores between those who passed a visual screening and 
those who failed.42 While this cannot be construed to apply to all TVPS-R subtests, it may imply that the 
results we received were not contaminated by any less-than-ideal habitual lenses. 
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Because testing was often brought to the subjects, there were uncontrolled environmental 
variables throughout the study. However, all reasonable attempts were made to offer testing 
circumstances that allowed an accurate assessment of each subject's visual perceptual skills 
within the limitations of each testing circumstance. Other uncontrolled variables in this study 
include: IQ, childhood environment, SES (socioeconomic status), medical history and health 
status, and medical confirmation of zygosity. 
RESULTS 
Overall sum of standard scores, and scores for each subtest were analyzed using both Fixed 
Effects Regression Analysis and Difference of Means Test with Student T-Test. In addition to 
comparisons between MZ and DZ twins, results from dizygotic-different gender twins (DZDG) 
and dizygotic-same gender twins (DZSG) were also analyzed. 
The average standard scores of each subtest by test group are given in Graph #1 below. The 
average and standard deviation for all males' Sum of Standard Scores was 762.9*79.4. For females 
the average scorelstandard deviation was 759.W95.3. For males taking the upper level test, the 
average was 741.2k90.2 with 715.5k116.6 for females. For those taking the revised test, the 
averages were much more similar between genders at 795.1k59.7 and 786.W55.5 respectively. 
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Graph #l. Average Standard Scores by Gender and Test. 
For the Revised test it is interesting to note that females scored higher than males on the Visual 
Memory and Visual Closure subtests, while the males scored higher on average with the Visual 
Form Constancy, Visual Sequential Memory, and Visual Figure Ground subtests. For those 
taking the Upper Level test, males scored equally well or better than the females on all seven 
subtests. It may seem obvious that the Revised scores are higher in all cases than the Upper 
Level scores. This may be actual differences in ability or artifacts of comparing two different 
tests, which will be addressed in the Discussion Section below. 
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Graph # 2. Comparison of Standard Scores: Twins vs Non-Twins 
Graph #2 gives an overall projection of the differences in standard scores. The blue bars 
represent all twin scores, with the maroon bars representing only same-gender twins' scores and 
the cream colored bars represent non-twin scores. It can be seen that twin scores (blue bars) are 
closer (the lower height of the bars represents scores that are closer together) than non-twin 
scores (cream colored bars) in all TVPS subtests and especially the Sum of the Standard Scores. 
For all twins, the similarity of scores (as compared to non-twins) reaches 95% or greater 
significance in Visual Memory, Visual Form Constancy, Visual Sequential Memory, Visual 
Closure and Sum of Standard Scores. It can also be seen that when the different gender twins' 
values are removed f?om the statistics (the All SG Twins), the difference, in all cases except the 
Visual Memory subtest, is even more pronounced. (Compare the redlmaroon bars with the 
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cream colored bars. Also note that in every case the blue bars are higher than the maroon bars.)' 
In this case the similarities reach 99% significance in Sum of Standard Scores and all subtests 
except Visual Discrimination and Visual Sequential Memory. 
It was noted above that the most pronounced difference between the different twin types is seen 
in the Sum of Standard Scores. The Sum of Standard Scores is a combination of the scores of all 
seven TVPS subtests and is thus an indication of the overall visual perceptual ability of the 
person-as measured by the TVPS. This may be the most important result of this thesis, as the 
authors of the TVPS note that the overall score is the most valid predictor of visual perceptual 
ability, with a very mild caution against using the individual subtest scores by themsel~es. '~~ 
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Graph #3. Comparison of Sum of Standard Scores. 

















Graph #3 gives several breakdowns of the Sum of Standard Scores: All subjects, all twins, MZ 
twins, all DZ twins, and the two different types of DZ twins. It can be seen that the smallest 
difference-the lower the number equals the greater similarity-is found in the MZ scores with 
DZSG scores close behind. The extremely large difference between DZDG twins is actually 
larger than the difference between all the subjects taking the test. The significance of these 
findings will be reviewed in pursuant paragraphs. 
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Graph #4. Comparison of MZ and DZ Twins-average difference in scores 
Breaking the scores down by type of twin, MZ and DZ, to see if the hypothesis that MZ twins 
would score closer than DZ twins is correct, it can be seen in Graph #4 above, that for most of 
the TVPS subtests, the scores of MZ and DZ twins are very similar. Only for the Visual Spatial 
Relationships subtest (p<0.01) and Sum of Standard Scores (p<0.05), were MZ twin scores 
statistically more similar than those of DZ twins. 
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In Graph #2 above, removing the different gender twins' results made the twin comparison even 
stronger. However, when comparing MZ twins with only DZSG twins, the difference is actually 
reduced as can be seen in Graph #5 below. The only statistically significant score when 
comparing all same gender twins is Visual Spatial Relationships. Even though there is a large 
difference between Sum of Standard Scores, it was not statistically significant due to a large 
standard deviation between scores. 
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Graph #5. Comparison of MZ and DZSG Twins Scores. 
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As might be anticipated from the above-mentioned information, there are rather significant 
differences between MZ twins and DZDG twins. This is illustrated below in Graph #6. 
Graph six shows that in several of the subtests and especially in the Sum of Standard Scores, 
there are large differences in score similarity. The lower blue bars represent the fact that MZ 
twins' scores are much closer together than the DZDG scores represented by the maroon bars. 
These differences seem especially pronounced in the Visual Spatial Relationships, Visual Form 
Constancy, Visual Figure Ground, Visual Closure subtests, and Sum of Standard Scores. These 
differences reach significance, however, in only the Visual Spatial Relationships (p<0.01) and 
Visual Form Constancy (p<0.001) subtests and Sum of Standard Scores (p<0.001). 
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Graph #6. Comparison of MZ Twins and DZSG Twins. 
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Finally, as may be expected, since the MZ and DZSG twins were very close together in score, 
DZSG twins are also dissimilar to DZDG twins in the same areas as MZ twins are different fiom 
DGDG twins. This is shown in Graph #7 below. 
. 
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Graph #7. Comparison between DZSG and DZDG twin scores. 
As can be seen, in several of the subtests there seems to be even more difference between the 
DZSG and DZDG twins' scores than was seen with the MZ and DZDG twins. This is 
particularly evident in the Visual Discrimination, Visual Memory, Visual Sequential Memory, 
and Visual Figure Ground subtests. (As mentioned earlier, the full Sum of the Standard Scores is 
not shown on the graph.) These reach significance, although not quite to the same extent as seen 
with the MZ twins, for Visual Spatial Relationships (p<0.02), Visual Form Constancy, (p<0.001) 
and Sum of Standard Scores (p<0.001). 
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Graph #8. Comparison of Sum of Standard Scores. 
The comparisons between the different types of twins can be stated and shown in a slightly 
different way. Whereas the previous graphs have shown the average difference between scores, 
Graph #8 compares the actual Sum of the Standard Scores for all 19 sets of twins. The red bars 
indicate the score of one of the twin pairs with the cream colored bar denoting the score of the 
second twin. It can be seen that the MZ twins' sums (numbers 1-7) and DZSG twins' sums 
(numbers 8-16) are fairly similar (small difference between the height of the bars), with the MZ 
slightly more similar than the DZSG. The DZDG twins (17-19), on the other hand, have a much 
larger variance between the scores. 
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Graph #9. Average Correlation Coefficients by Twin Type and TVPS Subtest. 
As stated in the introduction, many twins' studies use correlations to determine the potential genetic 
influence on a particular trait. While correlations do not prove causality, they are an additional way 
to see the similarities and differences between the different types of twins. Average correlation 
values for all twins' individual answers ranged from 0.52 on the Visual Discrimination subtest to 
0.78 on Visual Spatial Relationships, with an overall correlation of 0.61. For MZ twins alone, a 
larger range of correlative values was seen, ranging from 0.45 on Visual Form Constancy to 0.83 on 
Visual Spatial Relationships, with an overall correlation of 0.59. 
Perhaps somewhat surprisingly, DZSG twins correlated more closely than MZ twins for Sum of 
Standard Scores and in all TVPS subtests except for Visual Figure Ground (correlations were equal) 
and Visual Spatial Relationships with a range from 0.57 to 0.83 on the same two subtests as seen in 
the All Twins category and a 0.69 overall correlation. DZDG twins had lower correlation between 
scores ranging from 0.26 on Visual Closure to 0.59 on Visual Sequential Memory and 0.44 overall. 
[It may be evident when comparing Graphs #6, #7, and #9, that the correlation statistical values 
(Graph #9) do not show the same strength for MZ twins in the Visual Spatial Relationships subtest 
and Sum of Standard Scores as the average differences statistical values (Graphs #6 and #7).] 
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DISCUSSION 
GENDER AND GENETICS. 
The hypothesis that MZ twins would score with more similarity on a visual-perceptual test than 
DZ twins was only partially supported by these results; notably for Visual Spatial Relationships 
and Sum of the Standard Scores. Of interest is that the overall Sum of Standard Scores 
differentiation was no longer seen when different gender twins were removed from the sample. 
In other words, Sums of Standard Scores were more dissimilar for different gender twins. 
Although the sample size is too small for generalization, this discovery implies that while ability 
in Visual Spatial Relationships may be genetically influenced, gender may be a key factor in the 
visual-perceptual differences that were found. Since the TVPS is thought to be gender-blind,132 
this should be addressed in future investigations. 
That DZSG twins showed equal or higher correlations than MZ twins certainly does not hint 
toward any genetic influence in visual perceptual skills. Ordinarily, if there were a genetic 
component one would expect MZ twins to correlate at a higher rate than DZ twins. If there is no 
genetic influence on a particular trait, usually the MZ and DZ twins will have an approximately 
equal correlation. This may point toward possible flaws in the testing, scoring, or statistics and 
should be considered in any future testing. 
In the introductory comments, it was noted that there are numerous areas, especially academics 
where, due to the extremely higher correlation of MZ scores compared to DZ scores, the traits 
are considered to have a large genetic influence. It was also noted that, while visual perceptual 
skills are not usually considered to correlate with intelligence, math and reading scores and 
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education seem to correlate with visual perception, and deficits in visual perception are related to 
problems in math and reading. With this in mind, one might suppose that just as academic 
abilities seem to be genetically influenced, so should visual perceptual skills. This was not found 
in our study. One possible explanation is offered by Griffin. His theory is that since the TVPS is 
a non-linguistic test with limited cognitive skills and no reading, the visual perceptual skills 
tested by the TVPS do not depend on the angular gyrus of the brain while the eidetic decoding 
necessary for reading does take place in that area. Thus a dyseidetic individual may have 
difficulty reading but no difficulty with the TVPS." Extending Griffin's premise to this study 
may imply that the areas of the brain necessary for reading and math are indeed genetically 
influenced, while the areas of the brain where visual perceptual skills reside are not under the 
same influence. Matheny's hypothesis that MZ twins' perceptual exploration patterns are more 
similar than DZ twins due to the cognitive aspect of the task3' may adds support to this idea. It 
may be that Visual Spatial Relationships requires more cognitive ability than the other subtests 
of the TVPS. 
AGE. 
As can be seen in Graphs #9 and #10 below-and as mentioned previously, the scores tend to 
decrease with age. Graph #8 shows the trend of a marked decrease in score by age for those 
taking the TVPS-R. While this potentially could represent an actual decrease in ability, at least 
for the TVPS-R test of children ages six through thirteen, it is also possible that this is just an 
artifact created by the scoring methodology as mentioned in the limitations section below. 
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Graph #9. Comparison by Ag-TWS-R. 
A similar but less obvious trend is also noted for those taking the UL test seen in Graph #9 
below. It will be noted that there appears to be a substantial decrease between the 15-42 year old 
group and the 60+ year old group. Average score and standard deviation for the 15-42 year olds 
is 79.1h17.7 and for the older group 58h22.8. Although visual perceptual abilities are not 
expected to change much after age 18,14 Su et al. found age had a significant effect for all TVPS 
subtests except Visual Figure Ground and Visual Closure s~btests.~' (It should be noted that 
they used the original version of the TVPS in their study.) This finding may coincide with the 
age-related reductions in visual abilities found by other researchers. 46,47 
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Graph #lo. Comparison by Age-TVPS-UL-R 
Comparison by Age-TVPS-UL-R = + 
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POTENTIAL LIMITATIONS 
There are several potential limitations to the results of this study. They include the way the 
TVPS is scored, whether the TVPS actually/accurately tests visual perception, and the nature of 
the sample population. TVPS scoring methodology may limit analysis for small to medium 
sample sizes. For instance, a four year old can score a standard score of 145 and a maximum 
scaled score of 19 on a given subtest, while the maximum for a 13 year old is 1 18 and 14 
respectively. Even though the TVPS is broken down by age groups, this may make comparisons 
across age groups less viable or valid. This study assumed that the overall and subtest scores of 
the TVPS and TVPS(UL) are equal indicators of performance. If this is valid, twin sets across a 
wide range of ages may still be compared. If not, the results presented here should be regarded 
with caution and future research should be confined to limited and defined age groups. 
1 
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Because the full test was administered (regardless of the ceiling), many of the participants were 
found to do very well above the ceiling score. In our sample, this affected 73 subtests. Thirty- 
four of those 73 were significant with the person scoring 314 (or 415 where 5 options per item are 
presented) or more after reaching the ceiling. (In one case 1011 1 were correct above the ceiling 
and in another case 9/10!) This disproportionately occurred in the MZ test group, although this 
isn't likely significant due to the limited sample sizes. This observation is made simply to raise 
discussion about scoring paradigms when a high degree of success is seen after several incorrect 
selections have been made. 
It is possible that the TVPS is not difficult enough and therefore would not differentiate visual 
perceptual levels well enough. For example, 41 of the 70 people tested in this study scored 
100% on at least one subtest, with a total of 89 perfect scores. This phenomenon happened 
across the age spectrum with participants as young as 6 years old and as old as 71. Almost one- 
third of these perfect scores were in Visual Spatial Relationships subtest, with another one-third 
from Visual Figure Ground and Visual Closure subtests combined. This occurred with 
approximately equal frequency for both versions of the TVPS-R used in this study. This leads to 
the possibility that disparities in perceptual ability might not be uncovered, thus underestimating 
the influence of genetics on visual-perceptual skills. 
Not only may there be a scoring dilemma with perfect scores, where if both twins get 100% it 
may not discriminate between them, there may also be a problem with low scores as well. For 
example, for a teenager or an adult taking the TVPS-R-UL, raw scores of 1 through 5 yield the 
same standard and scaled scores. A score of 6 (which is 50% of the total plates per subtest) only 
receives one point higher on the standard score. While this certainly shows a below average 
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visual perceptual ability, it does not allow differentiation between twin pairs. In our sample, 19 
persons taking the UL test scored 5 or below on 26 of the subtests with 23 being relatively 
evenly divided between the Visual Discrimination, Visual Form Constancy, and Visual 
Sequential Memory subtests. Once again, the inability to resolve small variations between 
subjects could contribute to an underestimation of genetic influence on visual-perceptual skills. 
In addition to the potential scoring difficulties with perfect and low scores, there is also a 
dilemma if a person gets zerotnone correct. For the TVPS-R, a participant scoring zero is 
assigned a full set of scaled and standard scores. For the UL test, there are no such computed 
values for scores of zero. Four individuals of this sample scored a zero when the ceiling was 
taken into consideration. While this could indicate a possible flaw in test administration, it also 
casts doubt on the appropriateness of comparing the two versions of the TVPS, and may add to 
the complexity of using the TVPS for this type of study. 
Another potential flaw with this thesis was pointed out by two of the participants. They noted 
that in some subtests, they could figure out the correct answers even without seeing the question 
plates. This was especially true with the Visual Sequential Memory subtest. An additional 
observation during this same subtest by another participant may add some doubt to the exact 
nature of what is being tested. The subject noted that he didn't remember the shapes during the 
Visual Sequential Memory subtest because "that was too hard," but rather chose to remember the 
number of sides of the shapes because that was much easier. In clinical administration of the 
TVPS-R, it is also common to note a patient using subvocalization to coach themselves through 
various subtests, bringing into question what processing skills are truly being assessed. 
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An additional potential subject for discussion is the fact that the subject pool is not completely 
reflective of the population as a whole. All the participants were Caucasian from the lower to 
middle class socioeconomic level. All were at the appropriate grade in school for hisker age, 
and many (at least 18 of the 28 adults) had graduated from college. (While this was not 
officially asked of the participants, this information comes from the author personally knowing 
most of the subjects.) This is significant because Su et al found that education correlated 
strongly with results on the T V P S . ~ ~  A more reliable study would include various ages of all 
three types of twins from all races, cultures, and socioeconomic levels. 
CONCLUSION 
Given the very small sample size of this study, caution should be applied in generalizing these 
findings. Hopefully, future testing will increase this twin database to confirm or refbte these 
preliminary findings and provide the answer to whether genetics may play a role in the 
development of visual perceptual skills. 
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